In 1990 an increased number of strains of Shigella boydii serotype 2 were isolated from different regions of Bulgaria. Strains were reported as sporadic, although they showed identical phenotypic characteristics, including resistance to ampicillin, carbenicillin, streptomycin, sulfonamide, tetracycline, ticarcillin, and trimethoprim. The objective of this study was to determine the genetic relatedness of the strains and the mechanism of their antimicrobial resistance. Plasmid fingerprinting showed an identical pattern for 23 of 25 of the selected strains. All 25 strains tested transferred their resistances en bloc to an Escherichia coli recipient. Transconjugants contained a 112-kb R plasmid which carried all the resistance genes, including that conferring type I dihydrofolate reductase-mediated trimethoprim resistance (MIC >2,000 ,ug/ml). Riboprobe analysis showed identical restriction length fragment polymorphisms, suggesting a highly conserved genome. All findings indicate that strains of S. boydii serotype 2 isolated in 1990 from different regions of Bulgaria were highly related genetically and can be considered representatives of a single bacterial clone. The presence of an R plasmid and selection pressure because of the usage of antimicrobial agents, particularly trimethoprim, have likely facilitated the spread of the clone throughout the country.
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Worldwide, strains of Shigella boydii are isolated less frequently than strains of the other three Shigella species are. In developed countries, they are usually considered to be imported (20) , whereas S. boydii is indigenous to some southern European countries (18, 19) . During the past 20 years in Bulgaria, strains of S. boydii have been isolated regularly, but until 1989 the frequency was no greater than 1% of the frequency of isolation of all Shigella isolates. In 1990 there was a sharp increase in the isolation rate of S. boydii serotype 2. Strains originated from different geographic locations and were reported as sporadic, although they showed identical phenotypic traits (serotype 2; lack of production of colicins; and identical antibiograms, including resistance to trimethoprim).
These findings raised the question, first, of whether the strains were related, and if so, whether the increase in S. boydii serotype (14) .
Bacterial mating. For conjugation experiments, equal volumes of overnight broth cultures of the donor and the recipient (Escherichia coli C600 lac+ recA Rif) were mixed and incubated for 18 h at 37°C. Transconjugants were selected on MacConkey agar plates containing rifampin (100 ,ug/ml) plus tetracycline (25 p.g/ml), streptomycin (25 ,ug/ml), or trimethoprim (16 p,g/ml) and were subcultured onto the initial selective medium.
Plasmid isolation. Plasmid DNA was obtained by the method of Birnboim and Doly (4). Agarose gel electrophoresis was performed as described previously (13) . Plasmids of known molecular mass that occur naturally in E. coli V517 were used as controls (15) .
Restriction endonuclease analysis. The restriction enzymes BamHI, BglII, EcoRI, HindlIl, PvuII, and Sall were used. Digestion was performed according to the manufacturer's directions (Boehringer Mannheim, Indianapolis, Ind.).
Type of DHFR. The type of dihydrofolate reductase (DHFR) that mediated trimethoprim resistance was determined by using dot blot hybridizations. Transconjugants were spotted onto nylon filters and probed as described previously (9) . The (23) and was digested with EcoRI. Restriction fragments were separated by electrophoresis in 0.7% agarose gels and were transferred to nylon filters (Duralon-UV; Stratagene) as described previously (16) . E. coli rRNA (Sigma Chemical Co., St. Louis, Mo.) was used as a probe and was end-labeled with [y-32P]dATP under stringent conditions. The filters were hybridized with the labeled rRNA under highly stringent conditions by the method of Southern (21) . They were air dried, and autoradiography was done with Kodak X-OMAT film. Figure 1 shows the prevalence of Shigella species isolated in Bulgaria during 1986 to 1990. Shigella sonnei and Shigella flexneni were predominant (Fig. 1) . Until 1989, strains of S. boydii serotype 2 were found only occasionally, but in 1990 the rate of isolation increased sharply, to 7%. Of all 744 S. boydii serotype 2 strains isolated in Bulgaria, 455 were forwarded from the regional microbiological laboratories to the National Reference Laboratory of Shigella in Sofia. Most of them (85.9%) had the same antibiograms and were resistant to ampicillin, carbenicillin, streptomycin, sulfonamides, tetracycline, ticarcillin, and trimethoprim.
RESULTS
Twenty-five S. boydii serotype 2 strains with identical antibiograms (ampicillin, carbenicillin, streptomycin, sulfonamide, tetracycline, ticarcillin, and trimethoprim resistance) isolated from different geographic areas of the country were studied further. Plasmid profile analysis showed an identical plasmid pattern for 23 of the strains studied ( Table  1) . The other two strains exhibited a pattern which varied Figure 2 shows the restriction patterns of representative R plasmids digested with EcoRI, HindIII, and BglII. The restriction patterns of the different plasmids were identical (Fig. 2) .
The MICs of trimethoprim for the 25 S. boydii serotype 2 strains showed that the strains had a high level of resistance, with the MIC for the strains exceeding 2,000 ,ug/ml. Analysis of the transconjugants by dot blot hybridization revealed that all strains produced a type I DHFR which characteris- tically confers high-level resistance to trimethoprim (data not shown). EcoRI digestion of genomic DNA isolated from strains of S. boydii resulted in fragment lengths with homogeneous distributions. The rDNA restriction patterns obtained after hybridization with labeled E. coli rRNA showed that all S. boydii serotype 2 strains tested had identical restriction fragment length polymorphisms (Fig. 3) . Twelve positive signals were visualized, with seven being very strong. The 11 control strains had different antibiograms. None was as multiresistant as the study strains and only one strain-from Thailand-was resistant to trimethoprim. With regard to the plasmid profiles, the control strains were distributed into eight different groups. The ribotype patterns of eight control strains, however, showed the same 11 bands that were found in the study strains, whereas the old Bulgarian strain had a markedly different ribotype (data not shown).
DISCUSSION
We studied 455 strains of S. boydii serotype 2 isolated in 1990 from different regions of Bulgaria. A group of laboratory methods such as phage typing, biotyping, and colicinotyping has traditionally been applied for characterization of the most common Shigella species, S. sonnei (5). For strains of S. boydii, however, no typing schemes based on their phenotypic properties have been developed. Determination of the antibiogram can be of some use in epidemiological analysis, but that approach is not sufficiently precise to establish genetic relatedness among strains.
Our data from antimicrobial susceptibility studies showed that 85.9% of the 455 S. boydii serotype 2 strains tested had identical antibiograms (ampicillin, carbenicillin, streptomycin, sulfonamide, tetracycline, ticarcillin, and trimethoprim resistance). This resistance pattern was also one of the most common among S. sonnei isolated during the past few years in Bulgaria (6) . To characterize our isolates further and to assess the degree of genetic relatedness among these strains, several different molecular methods were applied. Plasmid fingerprinting showed that 23 of the 25 strains studied contained six plasmids of identical sizes and could be considered a single highly related group. The other two strains had five of the plasmids found in the first group, which indicates a high degree of genetic relatedness among all these strains. None of the isolates was found to contain the large 220-kb virulence plasmid; its absence can presumably be attributed to its instability during subculturing of the strains. The different antibiograms and plasmid patterns among control strains suggest that the Bulgarian S. boydii serotype 2 strains isolated in 1990 constitute a group of highly related strains.
All 25 S. boydii serotype 2 strains studied contained a conjugative 112.3-kb R plasmid that mediated resistance to multiple drugs (ampicillin, carbenicillin, streptomycin, sulfonamide, tetracycline, ticarcillin, and trimethoprim) and that show identical restriction endonuclease digestion patterns. None of the control strains studied contained a plasmid of a similar size. Of special interest is the high-level trimethoprim resistance encoded by a type I DHFR resistance gene (dhrl). This gene is widely distributed and remains the most prevalent DHFR gene found in trimethoprim-resistant strains of different Shigella species throughout the world (11, 12) . The high and still increasing prevalence of dhrl is due to its mobility via several transposons, particularly Tn7 and Tn21 (10) . Our previous studies showed that the trimethoprim resistance of S. sonnei strains in Bulgaria is also encoded by a type I DHFR gene and is also linked to a cluster of additional resistance genes (5) . This probably reflects the selection of multiresistant bacteria by heavy usage of antimicrobial agents (6) .
Further studies included riboprobe analyses of S. boydii serotype 2 strains. They were based on previous findings that rDNA restriction pattern analysis may be a useful tool in epidemiological research of bacterial infections, including those caused by Shigella species (17, 18, 22) . Our results showed that all strains tested had identical restriction fragment length polymorphisms) of genomic DNA which differed from that of an older Bulgarian S. boydii serotype 2 isolate. Among other control strains, however, over 70% showed restriction fragment length polymorphisms identical to those of the study strains. The genomic similarity among S. boydii serotype 2 strains isolated from different parts of the world may thus limit the use of riboprobe analysis for epidemiological purposes.
Taken together, the molecular methods applied in the study described here demonstrate that the strains of S. boydii serotype 
